It is clear from pachytene analysis that the B-chromosome of Sorghum stipoideum is a euchromatic iso-chromosome which has probably originated from centromere misdivision of one of the A-chromosomes. B-bivalents behave in a more stable and regular fashion at meiosis than do B-univalents. These B-univalents frequently lag and divide precociously during male meiosis. Mosaicism of B-chromosomes is found in microsporocytes and tapetal cells, while they are totally eliminated from stems and leaves.
Introduction
B-chromosomeshave been reported in numerous plant and animal taxa (Jones & Rees, 1982) . The origin and cytological behaviour of B-chromosomes in Sorghum nitidum and S. purpureosericeum have been described previously (Wu, 1980 (Wu, , 1984 . This paper deals with the cytological behaviour of B-chromosomes which have been found in another Sorghum species, S. stipoideum. The pachytene karyotype of the plant with B-chromosomes was also analysed in order to compare the morphology and relationship between A-and B-chromosomes in this species.
Materials and methods
A single 2B plant of Sorghum stipoideum was grown from seeds supplied by the Division of Plant Industry, CSIRO, Australia. The present study was made using 14 progeny produced by the 2B female parent. Young spikes were fixed in 3:1 ethanol acetic acid for 24 h for cytological analysis and then stored in 70 per cent ethanol. Meiosis in microsporocytes and somatic mitosis in anther walls and meristematic tissues were studied by using the propiono-carmine squash technique. Observations and photomicrographs were made using temporary slides.
At the pachytene stage, measurements of chromosome and heterochromatic lengths were made on nine cells in which all A-and B-chromosomes could be followed from end-to-end and the positions of all centromeres were discernible. Measurements of lengths and positions of chromosome landmarks were also 457 obtained from identifiable pachytene chromosomes of other cells, as individual chromosome landmarks were not visible in every cell.
Results

Pachytene chromosome morphology
The synapsis of homologous A-chromosomes at pachytene was complete and normal in Sorghum stipodeum. Typical pachytene A-chromosome bivalents had darkly staining heterochromatic regions on both sides of the centromere and light staining distal euchromatic regions. As the appearance and length of the chromosomes varies constantly during pachytene, it was difficult to identify individual chromosomes based only on the chromosome lengths and the arm ratios. However, each chromosome exhibited a definite pattern involving features such as length and position of heterochromatic regions, position of deeply staining knobs, chromomeres and nucleolus organizers which made it possible to identify individual chromosomes. Of the five A-bivalents at the pachytene stage, chromosome 1 (Figs la and b and 2) is the most asymmetrical. Its short arm is entirely heterochromatic. These conspicuous features make it easily distinguishable from the rest of the complement. In this species, chromosome 4 (Figs la, b, and e and 2) is the main nucleolusorganizing chromosome. The nucleolus is formed on the short arm close to the centromere. Chromosome 3 (Figs la, b, e and 2) occasionally participates in organizing the nucleolus, and its nucleolus organizer is located at a subterminal position on the short arm.
The morphology and behaviour of the B-chromosomes at pachytene were also studied. When two Bs were present they were always paired to form a hivalent, but did not pair with the A-chromosomes (Figs la, b, and d, 4a and b). The average length of the B-bivalent is 26.00 1.17 4um, which is distinctly shorter than any of the A-bivalents. The B-bivalent (Figs la, b and d and 2) has an approximately median centromere and is euchromatic along its whole length. The B, when present singly, exhibited inter-arm pairing with its centromere terminal (Fig. ic) . The single B-chromosome did not pair with the standard complement (Figs ic, 3a and b). The mean value of the B-univalent at pachytene is 13.60 0.60 um which is about half the length of the B-bivalent. It seems that the B-chromosomes of S. stipoideum are all identical in structure, and that they are iso-chromosomes.
The measurements of total length, arm lengths, heterochromatic lengths and arm ratio of the individual A-and B-bivalents at the pachytene stage are summar- ized in Table 1 . An ideogram has been constructed ( Fig. 2) incorporating the distinctive features of each chromosome.
The behaviour of B-chromosomes during male me/os/s
The meiotic behaviour of A-chromosomes was found to be normal in plants with and without B-chromosomes. However, the behaviour of the Bs depended upon the number present. In the lB plants, the B was univalent during diakinesis ( Fig. 3a ) and metaphase I (Fig. 3b) . It divided precociously in the majority of AT cells (67.4 per cent). In some cells, the two sister B-chromatids moved to opposite poles so that (-) distribution resulted ( tion of (1-0) (Fig. 3c) . In only 34 cells did the undivided B lag on the equatorial plate. The B-chromosomes which did not divide at anaphase I divided at anaphase II.
At anaphase II, 135 of the 204 dyad groups in the lB plants had lagging B-chromatids, while the remainder had no laggards. Two daughter B-chromatids were distributed to the opposite poles of one dyad and none to the other (-:0-0) in 15.2 per cent of cells (Fig. 3g) , and one-to-one pole of the two dyads (-0:--0) in 18.6
per cent (Fig. 3h) . The former distribution probably resulted from the (1-0) distribution of B-chromosome at anaphase I, while the latter resulted from precocious division at anaphase I. Most tetrads of lB plants contained micronuclei (72.2 per cent) (Fig. 3i) . No micronuclei were found in tetrads of normal plants.
Micronuclei must be formed by the eliminated B-chromosomes.
When two B-chromosomes were present, their meiotic behaviour was nearly regular. They were usually associated as bivalents at diakinesis (Fig. 4a ) and metaphase I (Fig. 4b) . The B-bivalent separation at anaphase I was as regular as A-bivalents with 97.3 per cent of Al cells showing normal disjunction. Consequently a (1-1) distribution was formed (Fig. 4c) . Rarely (1.7 per cent) the B-bivalent failed to disjoin and moved to one pole, giving a (2-0) distribution ( (Fig. 4g) has probably arisen from a (1-1) distribution at first anaphase, and the latter from a (2-0) distribution. No B laggards were seen at All. Examination of 239 tetrads in 2B plants showed only four with micronuclei. The meiotic distributions of the B-chromosomes as described above are summarized in Tables 2  and 3. Numerical variation of the B-chromosomes in the germ line and somatic cells Fourteen offspring of the 2B female parent were examined cytologically at microsporogenesis. One is an (Fig. 4k) was occasionally observed in B- containing individuals, but not in normal plants. All cells of stem and leaf meristems in plants with and without B contained only 10 chromosomes (Fig. 4h) .
B-chromosomes are totally eliminated from these vegetative tissues.
Discussion
Based on pachytene analysis (Wu, 1980 (Wu, , 1984 , the B-chromosomes of Sorghum nitidum and S. purpureosericeum are known to be heterochromatic isochromosomes with the same origin. They probably arose from a nucleolus-organizing chromosome by loss of the long arm after centromere misdivision and subsequent structural change. This opinion is based on the fact that the B-chromosome at pachytene bears a striking resemblance to the short arm of the nucleolus- 
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of B-chromosomes (Battaglia, 1964) as proposed for Gasteria (Darlington & Kefallinou, 1957) . It is clear that the B-chromosomes have probably also originated from centromere misdivision of an A-chromosome and subsequent structural changes, but the resemblance between B and the A-chromosome complement of S. stipoideum cannot be established.
In the B-containing individuals of S. stipoideum, the number of B-chromosomes was not constant in pollen mother cells. Analysis of the mosaicism revealed numerical variation not only between spikes of the same plant but also within spikelets. By contrast, the B-chromosome of Sorghum nitidum was meiotically stable (Wii, 1980) . B-chromosomes of different organisms were classified into two categories on the basis of meiotic behaviour by Weimarck (1978) . One is represented by Hierochloë (Weimarck, 1978) , in which the B-chromosomes frequently show aberrations in centromeric activity. These B-chromosomes usually lag and divide precociously when univalent. They frequently fail to be included in the daughter nuclei and a considerable amount of elimination may occur during male meiosis. The B-chromosomes of S. stipoideum fall into this category. The other category is represented by the B-chromosomes of Anthoxanthum and many other grasses (Ostergren, 1947; Bosemark, 1957) . These B-chromosomes rarely divide into chromatids at anaphase I. They seldom lag or are eliminated during meiosis. A stable system of centromeric activity under univalent conditions seems to have been acquired by "I. (c) .7 V 5.
V.
_It . these B-chromosomes during evolution. The meiotic behaviour of B-chromosomes inS. nitidum (Wu, 1980) , place it in the Anthoxanthum class.
The B-chromosome of S. stipoideum is variable in number in the microsporocytes, but the number typically decreases in the tapetal tissue, and is zero in the stem and leaf meristems. Complete loss of the B-chromosomes from some tissues has been found in other plants. In Sorghum purpureo-sericeum, Xanthisma texanum and Aegilops speltoides (Darlington & Thomas, 1941; Berger & Witkus, 1954; Mendelson & Zohary, 1972 ) the B-chromosomes are eliminated from the roots but preserved in shoots and germ cells. Poa alpina has B-chromosomes in primary roots and pollen mother cells, but they are excluded from adventitious roots and leaves (Muntzing & Nygren, 1955) .
The mechanisms of B-elimination are not known, but may result from non-disjunction and lagging at mitotic anaphase.
